Recent evidence suggests that the major pathways mediating cell cholesterol homeostasis respond to a common signal: active membrane cholesterol. Active cholesterol is that fraction which exceeds the complexing capacity of the polar bilayer lipids. Increments in plasma membrane cholesterol exceeding this threshold have an elevated chemical activity (escape tendency) and redistribute via diverse transport proteins to both circulating plasma lipoproteins and intracellular organelles. Active cholesterol prompts several feedback responses thereby. It is the substrate for its own esterification and for the synthesis of regulatory side-chain oxysterols. It also stimulates manifold pathways that down-regulate the biosynthesis, curtail the ingestion and increase the export of cholesterol. Thus, the abundance of cholesterol is tightly coupled to that of its polar lipid partners through active cholesterol.
The cholesterol content of the cellular organelles varies widely [5] . This seems to reflect, to an unknown degree, its passive equilibration among bilayers of differing lipid composition. In particular, plasma membranes, rich in saturated sphingolipids and phosphatidylcholine, typically contain ∼0.8 mol cholesterol/mol phospholipids [1] . In contrast, the ER is deficient in those sterol-avid phospholipids [5] and may contain only ∼0.05 mol cholesterol/mol phospholipid [24, 40] . This 16-fold differential scales with the relative cholesterol affinities of the respective membrane phospholipids [6, 8] . The sterol content of mitochondria resembles that of the ER, while endocytic compartments, the transGolgi network and the Golgi apparatus fall between these extremes [5, 12] .
Sterol molecules equilibrate across natural and synthetic bilayers on a sub-second timescale [1, 9, 14, 85] . Whereas the exofacial monolayer of the plasma membrane is rich in sterol-avid lipids and the phospholipids of the endofacial leaflet resemble those of cytoplasmic organelles [88] , a recent report surprisingly assigned most of the cholesterol in the plasma membrane to its cytoplasmic leaflet [89] . This finding reminds us that, in addition to passive lipid partition, the apportionment of sterols within and among cellular membranes could be influenced by its association with proteins as well as by metabolic processes. Just as phospholipids are actively transported across plasma membrane bilayers [90] , so is it conceivable that cholesterol could be pumped against its chemical gradient, even in the face of its rapid flip-flop. In addition, ingested cell cholesterol might be actively removed as it traverses the endocytic pathway to lysosomes [60] . Moreover, the delivery of sterols to the matrix-side of the inner mitochondrial membrane is mediated by an elaborate protein pathway [12, [52] [53] [54] .
This review will consider evidence bearing on how active cholesterol can be recognized and gauged experimentally, how it is transported intracellularly, how it is exported and how it elicits feedback responses that mediate cholesterol homeostasis.
Active membrane cholesterol
Sterols normally intercalate into membranes with their 3-hydroxyl groups close to the heads of the polar bilayer lipids at the aqueous interface and their flat, rigid hydrocarbon rings and mobile tails aligned more-or-less parallel to the hydrocarbon chains that surround them [5] . Different phospholipids form sterol complexes of varied affinity and proportions [1, [6] [7] [8] [9] . The strongest of these sterol interactions is with sphingolipids (glycosphingolipids and sphingomyelins), phosphatidylcholines and phosphatidylserines bearing long, saturated alkyl tails. Less favored partners include phosphatidylethanolamines and other phospholipids bearing small polar head groups and short and/or (poly) cis-unsaturated fatty acyl tails. In synthetic membrane systems, these assemblies are short-lived, have overall phospholipid:cholesterol compositions in the range of 1:1 to 2:1 and apparent dimensions of <20 nm [7, [9] [10] [11] . (These molar ratios might signify binding stoichiometries; we shall refer to them as equivalence points.) The association of sterols with phospholipids appears to be driven both by enthalpy (mostly favorable free energy changes derived from van der Waals contacts and hydrogen bonds between the sterol hydroxyl group and polar lipid head groups) and entropy (especially, favorable solvent free energy changes arising from the ability of large phospholipid head groups to shield the nonpolar aspects of the sterol molecules from contact with the aqueous phase) [1, 2, [5] [6] [7] 12] . Not surprisingly, the lipids most prone to form complexes are those that typically segregate into liquid ordered domains or rafts [6, 8, 13] .
Sterol molecules exceeding the threshold complexing capacity of the polar membrane lipids remain dispersed in the bilayer, but in a novel state characterized by an increased escape tendency, chemical activity or fugacity [7, 10, 12] . We refer to these uncomplexed cholesterol molecules as active cholesterol [1] . Active cholesterol has enhanced collisional interactions with soluble reactants [1, 14] which might reflect an increase in the frequency and/or extent of its transient orthogonal projection (bobbing) from the membrane. Early evidence for this activity came from the demonstration that the rate constant for the transfer of cholesterol from mixed phospholipid monolayers to aqueous β-cyclodextrin rises markedly in proportion to the fraction of the sterol exceeding the threshold complexing capacity of the phospholipids [7, 10] . Similarly, cholesterol transfer from red blood cells to β-cyclodextrin is greatly stimulated by increasing their membrane cholesterol [15] . Furthermore, susceptibility to cholesterol oxidase grows dramatically when the cholesterol in synthetic bilayers is incremented above equivalence with phospholipids; that is, above their capacity to form complexes. Likewise, the susceptibility of plasma membranes to this oxidase rises sharply when their cholesterol exceeds its resting level, which we take to reflect its complexing capacity [1, 15, 16] . In addition, hydrolyzing a portion of plasma membrane sphingomyelin boosts cholesterol reactivity, as if freeing the sterol from its complexes [1, 12] . Scrambling the bilayer phospholipids in red blood cells so as to increase the abundance in their outer leaflets of phospholipid species with low cholesterol affinity also increases the reactivity of this sterol [17] .
Along these lines, association of the perfringolysin O hemolysin with sterols in synthetic lipid vesicles rises as their cholesterol content is increased. Importantly, binding commences at a threshold determined by the phospholipid composition of the vesicles [18] . Furthermore, a wide variety of membrane-intercalating amphipaths (e.g., oxysterols, long-chain alcohols and fatty acids) increase the reactivity of synthetic membrane and plasma membrane cholesterol with cholesterol oxidase and β-cyclodextrin; apparently, they competitively displace the sterol from complexes with polar lipid partners [15, [18] [19] [20] [21] . That these diverse agents associate with phospholipids in a manner resembling, to some extent, that of sterols is consistent with their ability to protect red blood cells against destabilization induced by sterol extraction [20, 22] . Conversely, introducing intercalating amphipaths bearing saturated alkyl chains and large polar head groups (e.g., sphingomyelin, lysophosphatides or hexadecylphosphocholine) reduces membrane sterol reactivity [15, [18] [19] [20] 23] and, as discussed below, affects diverse homeostatic processes as if associating with membrane cholesterol so as to reduce its activity.
The threshold for the increased reactivity of plasma membrane cholesterol, determined experimentally using cyclodextrin and cholesterol oxidase, coincides with the cell's resting (i.e., physiologically set) cholesterol level [1] . It is a central tenet of this review that cells normally maintain cholesterol levels in their plasma membranes (and possibly their intracellular membranes as well) close to equivalence with the complexing capacity of the membrane polar lipids. When membrane cholesterol rises beyond this threshold value, the excess that forms is active and mobile. A proportional fraction equilibrates passively down its activity gradient (i.e., it redistributes without the input of metabolic energy) both to extracellular lipoproteins and to intracellular membranes. A variety of sterol-sensitive proteins in the organelles sense this increment as a signal to reduce the cellular excess through homeostatic responses until the active fraction is nulled ( Figure 1 ) [1, 10] . Accordingly, homeostatic effectors do not act in direct proportion to total cell cholesterol but rather respond to increments above equivalence (i.e., saturation of lipid partners).
Several homeostatic systems appear to be directly or indirectly regulated by active cholesterol (Figure 2 ). But how can we be sure that it is active cholesterol and not some other cue that elicits these responses? Several experimental criteria can be used to address this question (Box 2). The following passages summarize the evidence for an active cholesterol feedback mechanism.
Box 2

Indicators of Active Plasma Membrane Cholesterol
1.
The rate and extent of transfer of plasma membrane cholesterol to cyclodextrin increases sharply at a threshold cholesterol concentration near the membrane's physiological rest point.
2.
The susceptibility of plasma membrane cholesterol to cholesterol oxidase increases sharply at a threshold cholesterol concentration near the membrane's physiological rest point.
3.
Homeostatic responses have sharp thresholds near the physiological rest point of plasma membrane cholesterol ( Figure 2 ).
4.
Agents that free cholesterol from lipid complexes (e.g., sphingomyelinase) promote cholesterol transfers, cholesterol oxidase susceptibility and homeostatic responses.
5.
A variety of intercalating amphipaths that appear to displace cholesterol from phospholipids (e.g., octanol and 25-hydroxycholesterol) promote cholesterol transfer, cholesterol oxidase susceptibility and homeostatic responses.
6.
Intercalators that appear to complex sterols (e.g., lysophosphatides) inhibit cholesterol transfer, cholesterol oxidase susceptibility and homeostatic responses.
Endoplasmic Reticulum (ER) Responses
Cholesterol normally contributes only about 5 moles per 100 moles of phospholipid in the ER membrane of resting Chinese Hamster Ovary (CHO) cells [24] and less than 1 percent of the total cholesterol in human fibroblasts [25] . Fibroblast ER cholesterol rises sharply as plasma membrane cholesterol is increased modestly above a threshold that is situated at the cell's physiological set point ( Figure 2a ). As predicted from the preceding discussion, treating the cell surface with sphingomyelinase C, 25-hydroxycholesterol or 1-octanol increases the size of the ER cholesterol pool, while treatments with lysophosphatidylcholine or cholesterol oxidase reduce it [9, 15, 25, 26] . While the dose-response relationship seen between the plasma membrane and ER (Figure 2a ) could reflect a more complex and uncharacterized management regime, it is parsimonious to consider that the size of the ER pool is set simply by the passive equilibration of active plasma membrane cholesterol with the ER membrane [1, 10] .
In the ER, excess cell cholesterol is conjugated with fatty acids by acyl-CoA cholesterol acyl transferase (ACAT) and stored in lipid droplets. This esterification reaction is controlled by the local membrane cholesterol level [27] . The rate of cholesterol esterification increases markedly in response to modest increments of plasma membrane cholesterol above the resting level set by the cell (Figure 2b ). The sterol substrate comes mostly from the plasma membrane, apparently through a brisk circulation between these compartments [25] . Esterification is also stimulated by exposing intact cells to sphingomyelinase C, a treatment that liberates, and therefore activates, a portion of the complexed plasma membrane sterol [9, 28] . Furthermore, the esterification reaction is made acutely dependent on ER cholesterol concentration by the cooperativity of ACAT [27] .
Mitochondrial Oxysterol Responses
Mitochondria convert cholesterol to steroids, bile acids and oxysterols [29] and, in addition to the ER, are principal targets for intracellular homeostatic signaling by active cholesterol (Figure 1 ). The 27-hydroxycholesterol (27-HC) synthesized by fibroblast mitochondria is mostly derived from cell surface cholesterol, and its production is accelerated within minutes following a modest jump in plasma membrane cholesterol [19] . In one study, synthesis increased ∼30-fold when fibroblast plasma membrane cholesterol was elevated ∼60% above its resting level (Figure 2c ). Further evidence that active cholesterol was the substrate for this reaction was the observation that 1-octanol stimulated, and lysophosphatidylserine inhibited, the short-term biosynthesis of 27-HC [19] .
Side-chain oxysterols like 27-HC are more water-soluble (hence, more mobile) than cholesterol and, as derivatives of active cholesterol, are used by cells in several ways to feed back negatively on cholesterol accretion (Figure 1 and refs. [30, 31] ). Oxysterols rapidly exit cells [31, 32] ; this is a particularly important pathway by which cells in the central nervous system and macrophages off-load excess sterol [33] . Upon reaching the liver, these oxysterols are converted to bile acids and excreted. In addition, side-chain oxysterols can bind to the integral ER protein, Insig, which then promotes the inactivation of 3-hydroxy-3-methyl-glutaryl-CoA reductase (HMGR) and, hence, the sequestration of sterol regulatory element binding proteins (SREBP). Side-chain oxysterols also stimulate the expression of several homeostatic proteins, such as ATP binding cassette (ABC) cholesterol pumps. Lastly, it is possible that side-chain oxysterols affect integral regulatory proteins such as Insig by perturbing bilayer organization, their specific interactions with proteins notwithstanding [34] .
HMGR Responses
HMGR, a resident ER enzyme important in controlling the rate of sterol biosynthesis, is elaborately regulated by multiple feedback mechanisms. Most rapid among these homeostatic responses is its proteolytic degradation. At least in human fibroblasts, a small fraction of excess (hence, active) cholesterol must first be converted to 27-HC to trigger this proteolysis [19, 35] . The oxysterol then associates with the resident ER protein, Insig [36] which, in turn, binds to and marks HMGR for ubiquitination and subsequent proteasomal digestion [4, 37] . Consequently, the inactivation of HMGR responds sharply to small increments in the level of plasma membrane cholesterol at its rest point (Figure 2d ). Supporting an active cholesterol signaling mechanism, the loss of HMGR is rapidly stimulated by amphipaths [20, 22] and countered by lysophosphatidylserine [19] . That the dose-response curve for HMGR inactivation (Figure 2d ) is sharper than that for the production of 27-HC (Figure 2c ) suggests an additional high-order step, possibly the multimerization of oxysterol-Insig [36, 38] .
SREBP Responses
SREBP activates genes for cholesterol accretion such as those encoding low-density lipoprotein (LDL) receptors and enzymes of the sterol biosynthetic pathway [4] . This transcription factor is held inactive in the ER by its "escort", Scap (SREBP cleavage activating protein), when Scap is complexed with cholesterol [24, 39] . Retention of SREBP in the ER is strengthened by the association of Scap-cholesterol with Insig-oxysterol complexes [36] . When cellular sterol levels fall, SREBP-Scap is transferred from the ER to the Golgi apparatus where its active domain is proteolytically liberated for transit to the nucleus [4] .
The sequestration of inactive SREBP in the ER is fine-tuned by no less than four cholesteroldependent processes. These are: i) ER cholesterol increases abruptly in proportion to the level of plasma membrane cholesterol above its baseline ( Figure 2a) ; ii) Scap is acutely activated by ER cholesterol above its resting level [24, 40] ; iii) the activation of the Scap tetramer appears to be made more acute by the positive cooperativity of its sterol binding [24, 40] ; and iv) 27-HC production in response to active cholesterol [19] activates Insig and, hence, leads to the retention of inactive SREBP in the ER [4, 36, 38] . The protection of Insig from rapid proteasomal destruction might provide yet another mode of SREBP regulation in response to active cholesterol [41] .
Liver X receptor (LXR) Responses
Side-chain oxysterol derivatives of cholesterol, synthesized in proportion to active cholesterol levels [19] , also regulate the abundance of cellular sterols though the activation of LXRs [42] . These transcription factors promote the expression of members of the ATP-binding cassette (ABC) transporter super-family which expel cholesterol from cells. Oxysterolactivated LXRs also stimulate the production of the inducible degrader of the LDL receptor (IDOL). This protein curtails the endocytosis of LDL, thereby reducing the uptake of exogenous cholesterol [43] .
Transfer of Membrane Cholesterol
Active cholesterol must be conveyed to the ER and mitochondria to elicit the regulatory responses just described (Figure 1 ). However, despite recent progress outlined below, the path taken by cholesterol between any two membranes in the cell is not yet clear. While cholesterol is carried in the bilayers of cytoplasmic vesicles [2, 44, 45] , these are not generally considered to be the principal vehicles for its transport. Nor do sterol molecules appear to simply desorb from membranes and diffuse through the cytosol; such spontaneous movements would takes hours and would not be acceptor-specific [45, 46] . However, sterol molecules can be rapidly transferred through the collision of donors such as the plasma membrane with acceptors [1, 14] . Such a mechanism might underlie the shuttling of sterol molecules between intracellular compartments by diverse carrier proteins that function on a time scale of a few minutes without the input of metabolic energy [1, 2, 12, 19, 25, [47] [48] [49] . The active (transiently-projecting) fraction of the sterol in donor membranes could be the preferred substrate for these transfer reactions.
Soluble cytoplasmic carrier proteins
An early candidate for a sterol shuttle was the sterol carrier protein-2, SCP2, however, it now appears that this protein serves to facilitate lipid transfers in peroxisomes [12, 45, 50] . Similarly, the significance of the cytoplasmic circuit of caveolin, an integral, cholesterol-bearing plasma membrane protein, has not been thoroughly clarified [45, 51] , although its transit via endocytic caveolae to cholesterol-rich lipid droplets has been well characterized [51] . The steroidogenic acute regulatory protein, StAR, was also originally thought to shuttle cholesterol through the cytosol. It now seems instead that homologs of StAR, called START or STARD proteins, are in fact cytosolic cholesterol carriers. One of their functions is to deliver cholesterol to the outer mitochondrial membrane. There, the StAR protein initiates sterol transfer to the matrix side of the inner membrane through an elaborate protein complex located at intermembrane contact sites [12, [52] [53] [54] .
Direct intermembrane sterol transfer
There is growing evidence that proteins imbedded in the contact sites between apposed organelle membranes can directly mediate intermembrane sterol transfers [2, 12, 45, [55] [56] [57] [58] . Cholesterol-binding members of the family of oxysterol binding protein (OSBP)-related proteins (ORPs and, in yeast, Oshs) are leading candidates for such a role [57, 59] .
Exit of cholesterol from the endocytic pathway
Cholesterol ingested as LDL, as well as that internalized in the plasma membrane-derived envelopes of endocytic vesicles, accumulates in the tubular and vesicular inclusions characteristic of late endosomes and multivesicular bodies [2, 60] . Two proteins that mobilize this sterol are NPC1 and NPC2, named for Niemann-Pick type C disease in which massive amounts of cholesterol and other membrane lipids accumulate in late endocytic compartments. NPC1 is a sterol-binding protein integral to the outer membrane of late endosomes and lysosomes [61] [62] [63] [64] . The molecular function of NPC1 remains elusive [61] . However, a clue comes from its homolog, the Niemann-Pick C1 like protein, NPC1L1, which facilitates the transfer of extracellular (apical) cholesterol to the cytoplasm of intestinal and liver cells [65] . In contrast to NPC1, NPC2 is a water-soluble cholesterol-binding protein well suited to shuttling cholesterol from the internal vesicular membranes of late endosomes to the NPC1 in their boundary membranes [61] [62] [63] [64] .
Cholesterol still exits from NPC1-deficient, lipid-laden digestive vacuoles, driven by the large standing pool therein; however, the timescale is a few hours rather than minutes [66, 67] . A second transport pathway may operate in parallel with NPC1/NPC2, possibly utilizing a START protein [58] . Cholesterol can also be liberated from the membranous inclusions that accumulate in NPC disease by feeding cells the soluble sterol carrier, β-cyclodextrin [68, 69] . Sequestered cholesterol has also been mobilized by providing NPC1-deficient cells with exogenous acid sphingomyelinase [70] . This in vitro "enzyme therapy" might activate the cholesterol trapped in phospholipid complexes within the membranous inclusions, much like the action of sphingomyelinase on plasma membranes.
Reverse cholesterol transport
The circulation of plasma lipoproteins enables the cells of the body to share their cholesterol on a time scale of several hours [71] . A significant fraction of the cholesterol that exits cells utilizes the simplest of homeostatic mechanisms: equilibration driven by the difference in chemical activity of the active cholesterol in the plasma membrane and circulating lipoproteins. This passive efflux utilizes both uncatalyzed and facilitated pathways; an example of the latter is that mediated by the plasma membrane scavenger receptor BI, SR-BI [45, 46] .
Cholesterol is also pumped from the cell to diverse acceptors by members of the large family of plasma membrane ABC proteins [72] . ABCA1 appears to transfer both cholesterol and phospholipids to lipid-poor plasma apolipoprotein A-1, thereby initiating the assembly of mature high-density lipoprotein particles [73] . ABCG1 and ABCG4 then facilitate the transfer of additional cholesterol to these nascent high-density lipoproteins [74, 75] . ABCG1 and ABCG4 can also export plasma membrane cholesterol non-specifically to a variety of other acceptors. Similarly, ABCG5-ABCG8 heterodimers transfer cholesterol from the apical brush borders of hepatocytes and enterocytes to micellar carriers in the bile and intestinal lumen. This activity rids the body of excess cholesterol as well as the deleterious plant sterol, sitosterol [76, 77] .
The molecular mechanisms by which these pump proteins drive the transfer of cholesterol to extracellular acceptors is not clear. It seems likely that, rather than mediating cholesterol export directly, at least some of these pumps simply increase the accessibility of cholesterol at the cell surface for subsequent non-specific collisional transfers [78, 79] , perhaps by activating it [1, 45] . This supposition is supported by the lack of acceptor specificity of some ABC-catalyzed transport reactions, at least in vitro. Such a mechanism could also explain why the action of ABCG1 qualitatively resembles unmediated efflux in many ways [75] . It is relevant in this regard that SR-BI, ABCA1 and ABCG1 make plasma membrane cholesterol more susceptible to cholesterol oxidase attack and to cyclodextrin extraction [77, 80] . Furthermore, it has been suggested that ABCG5-ABCG8 drives the partial projection of cholesterol molecules from the outer leaflet of brush border bilayers so as to favor their collisional capture by lipid micelles in the bile [81] . Finally, as predicted for an active cholesterol transport mechanism, the efficiency of plasma membrane cholesterol export by ABCA1 is stimulated by the addition of ceramides, which displace sterols from phospholipid complexes [20, 22] , and is inhibited by sphingomyelin, which complexes with sterols [1, 6, 8, 9] .
Other ABC transporters promote the excretion of noxious intercalators by pumping them from the cytoplasmic to the outer leaflet of the plasma membrane bilayer [72, 78, 82] . A similar mechanism has been proposed for the export of cholesterol [83, 84] . It is unlikely that ABC proteins act by facilitating the transbilayer equilibration of sterols, since sterol flip-flop is naturally quite rapid [14, 85] . However, active transfer by ABC pumps could expand the fraction of plasma membrane cholesterol in the outer leaflet. The heightened activity of this excess surface cholesterol could then drive its downhill (i.e., unenergized) movement to extracellular acceptors. Such an ATP-dependent sterol-activation mechanism might also be used by yeast in which ABC pump proteins stimulate the transfer of sterols from the plasma membrane to the ER [86] .
Concluding remarks
The active cholesterol hypothesis is new, and several of its ramifications require further investigation (Box 3). Nevertheless, it appears that cells set their cholesterol at equivalence with the complexing capacity of their polar membrane lipids. Because cholesterol molecules that exceed this threshold have enhanced chemical activity or fugacity, they move to and inform homeostatic pathways based in the ER and mitochondria. Multiple feedback responses then restore lipid balance by adjusting the rates of cholesterol esterification, biosynthesis, ingestion and export ( Figure 1 ). The biosynthesis of phospholipids similarly rises and falls in response to the level of cell cholesterol [9, 87] , perhaps helping to null active cholesterol.
Box 3 Outstanding questions
• What is the sterol complexation capacity of plasma membranes and intracellular membranes?
• What are the physical characteristics of active cholesterol?
• To what degree is the distribution of cholesterol within the cell determined by diffusional equilibrium?
• What are the cholesterol thresholds of the various cellular membranes?
• Are there cholesterol thresholds for steroid or bile acid biosynthesis or for LXRdependent gene expression?
• What are the pathways and mechanisms of intracellular cholesterol transport and what are the precise functions of specific transfer proteins?
• Is active cholesterol the true substrate for intermembrane transport?
• Is active cholesterol the true substrate for export from the plasma membrane?
• Does the export of endocytic cholesterol from late endosomal compartments require its activation?
The expression of SREBP and LXR proteins constitutes a powerful means for controlling cell cholesterol abundance [3, 4, 80, 87] . However, the regulation of transcription for homeostasis must respond to upstream information. The evidence discussed above suggests that active cholesterol can provide such a signal. The direct control of homeostatic effector activity by active cholesterol will also be more rapid and sensitive than transcriptional pathways typically allow. Homeostatic responses to increased plasma membrane cholesterol are mediated by active cholesterol. Plasma membrane bilayer cholesterol in excess of the complexing capacity of membrane polar lipids is active. Active plasma membrane cholesterol equilibrates with intracellular membranes, increasing their cholesterol content. This triggers multiple feedback responses. High levels of ER cholesterol become esterified and also inhibit the SREBP pathway, thereby down-regulating cholesterol accretion. In parallel, increased mitochondrial cholesterol stimulates 27-HC biosynthesis which triggers multiple feedback responses. While all of the cell's diverse polar lipid species complex cholesterol with different affinities, the plasma membrane is pictured as central here because of its high level of sterol-avid lipids, its consequent high sterol content and its sharp threshold for cholesterol activation (Figure 2 ). The plasma membrane is also the cellular compartment most easily manipulated experimentally. Abbreviation: CH, cholesterol. Response of mitochondrial biosynthesis of 27-HC in wild-type (○) and NPC1-deficient fibroblasts (△) [19] . (d) Inactivation of ER HMGR activity [15] . In each case, increments in plasma membrane cholesterol above resting levels elicit sharp homeostatic responses that serve to return cells to resting levels. Figures reproduced with minor modifications by permission.
